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SUMMA HY 


this thesis presents ea study of the problem of improving the 
lift characteristics of a supersonic wing eat low snveecs, Trailing 
edge snlit flaps, nose flans, and boundary layer control were in- 
“yestigated sinvsularly and together using the optimum configuration 
of each. . 

Results indicate that the nose flap has an appreciable effect 
on preventing separation and thus increasing the lift. Split flaps 
give an a of lift as would be expected. The bdoundary layer 
control consisted of blowing a sheet of high velocity air back over . 
the top surface of the wing with very definite improvements of the 
lift and drag characteristics. 

The work on the blowing technique, it is suggested, indicates 
sufficient prenise to warrant much further study. The relatively 
large increment of lift that oan be attributed to the prevention of 
flow vobreetion at high angles of atteck suggests that such boundary 
layor control could be used to improve controlability and to delay 
the stall, particularly tip stall, of high speed aiterart with very 


larze sweep back anglos. 








J. DISCCESTON OF PROBL 
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Currently tho double circular arc or wedge airfoils have showa 
considerable promise for high énaed airplanes. These symmetrical 
wing sections are charactorized by sharp leadins and trailing edzes 
necessary for flight at the higher Mach numbers, The shape and the 
sharoness of the airfoils, however, affect the maximum lift in an 
undesirable mamer at low speeds. Consequentiy, as the wing loading 
is increased by structural requirements, fuel and — plant weight, 
etc., the problem of maximum lift of the high speed sections has bee 
come more important particularly with respect to landing and low speed 
flight. 

The lift characteristics of high speed airfoils could be improved, 
it was felt, by trailing odge flaps, nose flaps, and by boundary 
layer control, along with still other means. From existing cata, 
it appears that the increment of increased lift that one cald expect 
from trailing flaps was not snouch to reduce the landing speed of a 
supersonic nivpiste sufficiently. The use of boundary layer, although 
much unrelated experimental data exists, (see table of references) as 
& means of inoreasing the lift and reducim the drag of wedge or 
circular arc airfoils has not been fully exploited. At least the 
reports of such work aro not available. The Germans have investirsated 
the nose flap and it appears to show considerable promise in delaying 
separation , thus being effective in air maneuvers as well as in 
low speed flight. 

The use of boundary layer control as a means of improving the 


flight qualities of an airplane has in the past not been generally 
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gractioable. The aircraft reciprocating engine has not been parti- 
cularly adaptable to such an installation to say nothing of the weight 
considerations, structural difficulties, or ducting scomplications. 
Also, the requirement of a great jumo in the lift increment has :ot 
been sufficient to warront solution of the aforementioned problems. 
‘ith the advent of the jet power plants has come the requirement 
that the r.p.m. not be roduced below a certain minimum valve in order 
to maintain the fire in the burners. Consequently, the pilot of the 
current jet vlanes is handicapped in landing since considerable power 
must be maintained in order to assure that he can take a wave off 
if necessary, This problem is acute in the carrier landing. The 
use of boundary layer control on the jet airplane where necessary 
is felt to be feasible since the power and the pump are available. 
The axial flow turbine type engine could aocommodate a boundary layer 
blowing system nicely. The turbine compressor while supplying air 
to the boundary control blowing system would necessarily have to be 
operated at a relatively high r.p.m. to maintain enough air flow to 
the burning chamber. This type of system would provide a higher 
lift coefficient, less axial thrust, and would permit greater 
acccleration of the airplane since the power is more readily avail- 
able. 

The existing data on boundary layer studies, although not 
directly applicable to this thesis, seem to indicate that suction 
of the boundary layer is more effective than blowing. However, 
it should be pointed out that it is more difficult to maintain 


negative pressure than positive pressure, Most of the available 
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reports deal with boundary layer control or improvement on low speed 
conventional section wings or wing flap combinations and alnost all 
use low pressure systems. 
¥. Sehwier at Goettingen (ref. 1) has done considerable work 
on the blowing technique, Using an NACA 23012-64 airfoil and blowing 
air out immediately ahead of the flaps and immediately behind the 
hinged nose, he revorts the following results: 
Plain flaps, deflection = 45° 
No air blown, Cg # 0 Lax * “18 
at Cag 2.020 CLeag = 3 70 
Corresponding values for slotted flap 


No air blow, CQ = O CY ax ~ 2.33 


Cg bea 2020 ) = 4.0 


Using a 9% wing (ref. 2) with a slot-flap and a slet he reports: 
With open slat, deflected flap : 
No air blow Cg = 0 CG, = 1.86 
at Co = .025 G, = 3.5 


/ 


The nose flap (ref. 8) used with a highspeed section has shown 
considerable increase of the maximum lift. The effeot of this high» 
lift device can be explained by the faot that at a suitable deflection 
angle the front stegnation point of the flow will be displaced quite 
near the leading edge of this flap. This effect diminishes the 
considerable super velocities observed near the leading edge of the 
high speed vrofile at high angles of attack. Thus the steep pressure 


rise behind the leading edge is reduced and the stallinz is delayed 








to higher angles of attack. The stalling charact: 


speed profiles with nose flaps become 

















%  Resermptiem of t*e moceibs 
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Two Similar -osels were used in Ge experive ics, Thé baeic 
desivm of tlh» godols @ms 4 ten 5ePres. it thick, syumevrical doublce 
wed’e section wing with o five inen chord and ae twenti inch snun,. 
md plates were weed to save @ liner aspect retio. 

Bodel 4, rade of lari wted wocd with C.i9 immer Gites 
used Yor the srelinis wiry curvey. 

Modol Li was mado of 0.10 
iach snoboher brongse plates 
Soldered or screwed to the ribs 
and end plates (Tic. 1). The 


model's surface was sealed cx-= 


tale. into the ~odel throuch 


both end suprorss and blown 





ov over tho ton surface fran 

ohne Snanewise slit which wes -odel I showins support tude, 
roiringz,anc flexible hose. 

located at the 18 chord line. 

ISwas iccessary to put 0.005 ineh shims at 1-1/2 ineh stations 

Bcross the span to maintain a uniform 811t ovening. The zcdel i 


cesiened to withstand sufficient interal oressure so that a “ach 


+ 


numbor of oae could be reached in the slit. This feature assured 
an even svaiwise cistribution of flow across the model. 

The air was conducted into the modol (ie. 2) in the tunnel 
throuvh dines attached ricidly to the end »slates. These sines wero 


se, as the moll su:mort pivots wi Were Shielded cy exteragi ly 
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acbached fairines. coors ruover hoses eaclosc imea 21d Mire coi} 
Soriag, of sufficicnt longth to orevent external Pomges [eae bene 
transmitted to the rodel, were attached 
to Ghe owbboard onds of the support vines. 
ALY W4aB Dinec to both sides of 
the tunnol throuch a settliny tank to 
reduce the oil vapor content. come 
stream from the tank a totameter flow 
gace was used to neasure the quantity 
of Piow. 
-ressure taps were provided at 


spanwise across the 


ae 
9 
23) 
ae 


a » he, 
oar Stavic 





model, -ressure gazes wove Located 


, 


on the tank, at tne -otometer,s and “ining to the Neded 


ata point just outside of the tunnel. 


bre | 


Tomnpereture of - 


cr 


he air was moasure’ hetweon the tenk ant ti:o 


flow meter by means of a thernometer set in a tee pise couplias. 
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SMlit training edse flaps of 25% 
shord length with 15, SG, 45, 60, and 
70, corree deflection an? nose flaps 

10 chord len~th with 90, 120, 135, 
120, and 150 degree deflestions were 
provided. ‘the fleps were attached to 


the ~odel with ecrews and scotch tape. 








Fotannter, settling tank — — 
thesmoneter aid sressire 
race installation. 


ace 








B. Corrections cf “easurements 
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fhe drag correctioi for odel 1 was ascertsine 
inase system method, ince Model II was essentially the same as 


ON 


pte 


“odel {I except for the end plates anc the slit, the dreg correct 
was determined by making similar runs and comparing the data, it 
was assumed thet the difference in the drag at various angles of 
attack was due to the end nlates and model supvort interference, 
and the air connection fittings on the end plates which were not 
faired. The drag correction obtuined in this way turned out, withe- 
in the limits of accuracy, to be a constant for all angles of attack. 

fare moment correction ruas were mace with both models. In 
order to duplicate operating conditions with “odel Ii the uir line 
between the flexible hose conrmection and the nodol was blocked and 
44.7 oSi absolute pressure was ma&intainec in the Line. 
C, Procedure _ 

The exneriment was carried cut 
at the C.I,T,-Merrill (24 x 48 inch) 
wind tunnel located at the Pasadena 
Junior College. 

The usual work was divided essene- 
tially into two parts in order to mini- 


mize delays. The first part consisted 





of preliminary work with ‘odel I during 
the period that -odel II was beings cone 


structed, -‘iodel 1 was used, with cood 


success, to investigate the boundary Front view of “odol 3 instilled 
in PJC Merrill tunnel for tuft 
layer separations; the most promising Survey 


flap conficurations and combixuations 


Ee 








and the basic corrections and nolars for the exneriment. In the 
secoid part lode] II was used to check the optinum corfizurations 
as found in Part 1, The effect of 
boundary control on these configurae 


tions wes investigated. 


A tuft survey (Figs. 3 to 6) 
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and a total head pressure investieg 


Soe 


gation (Figs. 7 to 9) was conducted 


in order to anoroximate the slit 


noSition on “‘odel Ii, These surveys 








Glearly indicate that separation of 


the flow beran at the sharp leading Model I installation 30° 
trailing edre Plaps 
edse and progressed aft as the angle 


of attack was irerensed. It wes decicod therefore, to locate the 


i as far forward as possible. tue to the shane of 


ed 


Slit on odel 
the model ana internél clearence requirenonts, the slit was located 
at the 15: chord Line. 

Complete runs measuring, Lift, drag and nitching moment were 
made with jiodel I, The first runs were made without flaps at both 
positive and negative inerenernts of angle of attack (ic, 10) in 
order to get the basic curves for comparative purposes, -. series 


of runs were made using trailing edge flocs mly (Pir. 16) and com 


parison of the data indicated that the GO° flap confiscuration was 
a¢ 


~~, 
£ 


the optimum, uns were made using the various nose flaps showing 
« ca \ “y Ad ; 
150° deflection to be the ontinum ("i~. 11). The runs 02 cotbine: 


PiOps were started using a trailing flap deflection ent amose Plan 
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deflection of 60 and 150 degrees respectively. The flap configuration 
was varied to check the best combinations (Fig. 12) 

db) Part II (Model II) 

A complete run without flaps or blowing was made with Model If 
to compare the basic lift, drag and pitching moment with Medel I. 

The wing without flap but with air blowing from the slit was run at 
24.7, 34.7 and 44.7 psi absolute pressure, Si:ico it was apparent 

(Fig. 15) that the 44.7 psi pressure gave the best relative results 
this pressure was used in all the succeeding blowing runs. As could 

be exnvected, Co at the various pressures used had little variation. 

At 44,7, 34.7, 24.7 psi absolute the valuesof the discharge coefficient 
(Co) were 0.0070, 0.0064, and 0.00634 respectively. Deformation of 

the slit opening and structural consideration prevented tests at 

higher intemal pressures, 

Separate runs were made with trailing edge fleps (Yig. 19) and 
nose flaps at C, = 0,0070 to check the optimum separate flap deflee- 
tions as indicated by Model I. Then runs were made with both flaps 
installed. Various conbinations of the flaps were investigated to 
find the optimum configuration (Fig. 20). 

During the runs when air was beins blown from the model slit 
the pressure at the ‘iotameter wasmaintained constant and continuous 
readings of the air temperature and the quantity of flow were recorded, 
The pressure in the model was read at four stations and was found to 
be constant. vince the lines from the model to the Kotametor were 


relatively short and the diameters of the lines were large comoered 
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to the slit area a pressure loss in the lines could not be detected. 


All voressure sages were calibrated just before being installed. 


D. Computations 


The dynamic pressure of the tunnel was computed using the readings 
of static pressure difference and the tunnel calibration curve. The 
tunnel velocity was computed using the average value of dynanic pressure 


(13.3 lbs, ft“) although the dynamic pressure was essentially constant. 


q = 1/2 pv® 
1/2 1/2 
ve] 24 / - |e = 106 ft/sec 
p 002378 


The coefficients of lift, drag, and vitching moment were computed 


as follows: 





Lift | Pitching Moment 
a L » fom 
1, qs : (Ce) 50 qSoc 


(Cr) 56 = (Cp) 66 ad 1/4 oy 


oes S, 
qs 


Velocity (v5) in slit. 


Ae = = Re 2.7. c<. Pe 
“> p £2 Po 


ve = [2 2 wal ret B = 
: Sol] re) p Po 
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Fol 
P Po : 2 .a 
A Po Do 





1. 4=] we 
~ = | 42)(2.4)(1716)(550) |], - (et 1.4 1340 ft/sec 
? ae T 44.7 . 


The coefficient (C,) was used as a retio of the volume of air 
blown out to the volume of air that would be swept out by an outline 


of the plan form of the wing set at 90° to the air stream. 
c, = 


~ VS 


Sinee the Fotometer was designed for standard conditions the 
following correction was made as per instructions supplied with the 


instrument and Cy was computed 
Po 530 
for Do = 44.7 


| 


A we 8. cfs 


> 


SO 14.7 550 fT, = 550° abs 


O.517 cu.ft. sec. 


& 
a 


C, © doa es © oL0eTe2 
“ 106 x 0,695 


for pop, = 34.7 


-lle 











V2 Average Gp = 18.7 ¢.?.m.. 


“Go | 14.7 549 
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A, Results 

A comparison of results is presented in the following tabular 
forms. 

The first table presents the maximum lift coefficient and the 
corresponding drag coefficient for each of the best runs. “he tia- 
crement of maximim lift and drag coefficient ( AC, , ACp) are the 
differences between the lift and drag coefficients for the unflapoed 
wine at C. = 0 and the lift and drag coefficients for the flapped 
and or blowing wing. 


TABLE I 
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, 803 . 0 | 
1.68 0.37 yo jm, ae 
1.94 cdl 187 0 
1.09 28 26.5 | 50 
1.28 647 70.0} 60 
1.90 09 159.0 |=10.0 
2.18 1,37 139.0 | 20.0 
att 1.54 251.0 | 140.0 








Se een all 


It is noted that the precent drag increase is greater then the psrceat 
lift inerease. However, at the higher lift configurations the greater 
dram increment is due to the flattening of the drag curve near the 
stall and in perticular, where blowing was used, to the great increase 


in angle of attack, 





Amore favorable comparison i8 presented in the second table. 
Here the increase of the lift and drag coefficients anc the angie 
of attack due to blowins is shown for each configuration of flaps. 
It is noted that boundary layer control by blowing increases the 


lift ooefficient of all the wing configurations tested. 


TABLE IT 


Wing Configuration at CLaax ;* increase 


foe [rans | mo] e] la] ala] onl af o |. 
0 0 10 166 0 e) QO 9) 0) 


Cy, 
. 808 


0 
24.7 1,08 
34.7 1.20 
44.7 1.28 

1. 68 
1.94 
1.90 


2016 





B, Conclusions 

The data indicates that: 

1. The slope of the lift curve was essentially constant for 
all configurations of the wing tested, 

ce There is an appreciable increase of angle of attack and 
lift wnen the nose flap. alone is used. 

3. Trailing edge split flaps increase the lift of this wing 


as would be expected, 
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4, The combination of nose and trailing edge flaps on the wing, 













while giving a great increase in lift, caused the wing to stall at 
about the seme angle of attack as the stall anrle for the basic wing, 


The addition of the jet boundary layer control to the flapped wing 








4inereased the angle of attack appreciably and thus increased the lift 


5. The boundary layer oontrol by blowing inproves the wing 





characteristics sufficiently to warrant mich further study. It 


‘should be noted that the mode] was tested with the jet slit located 


bE my air of 0.0070, It is suggested therefore, that further tests ; 


be naa with the current model. The optimum positim of the jet 





id the most practicable value of Co could be ; 
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